An increased prevalence of ventricular ectopy (Premature Ventricular Contraction, PVC) non-frail (44.18±67.58), pre-frail (47.93±76.76), and frail (22.13±7.84). However, the average number of PVC beats was higher in pre-frail compared to non-frail (p>0.05).
Introduction
Frailty as a geriatric syndrome is associated with increased risk of adverse health events such as falls, hospitalization, morbidity, and mortality [1, 2] . Frail people are more vulnerable to acute and chronic conditions such as cardiac surgery and heart disease (e.g., myocardial infarction and heart failure) [3, 4] . Also, frailty is higher in older adults with cardiovascular disease [3, 5] .
Assessment of heart rate variability confirmed the impairment of cardiac autonomic nervous system in frail compared to non-frail participants [5, 6] . Although, previous studies demonstrated that incidence of ventricular ectopy (Premature Ventricular Contraction, PVC) increases with age [7] , but to the best of our knowledge its association with frailty, a geriatric syndrome that is associated with adverse health outcomes, has not been studied. An increased prevalence of ventricular ectopy is associated with increased incidence of congestive heart failure (CHF) and increased mortality [8] . Therefore, the aim of this study was to study the prevalence of PVC in older adults across different frailty categories.
2.
Method and material
Participants
Forty five female older adults aged 65 and above (age: 76.12±7.82 years, body mass index (BMI): 28.71±6.68 kg/m 2 )) without diagnosed cardiovascular disease were recruited from geriatric clinics in a southwestern tertiary academic medical center after completing written informed consent. The study was approved by the University of Arizona Institutional Review Board.
Frailty assessment
Participants were classified as non-frail, pre-frail, and frail using the validated Fried frailty phenotype [2] . Frailty criteria included unintentional weight loss, slowness (walking speed for 4.6 meter distance), weakness (handgrip strength), and self-reported low physical activity and exhaustion. Participants with three or more positive frailty criteria were considered frail, individuals with one or two positive frailty criteria were considered pre-frail, and those with none of above criteria classified as nonfrail.
ECG monitoring and analysis
A commercial FDA approved body-worn ECG recorder, BioHarness3 bio-patch (Zephyr Technology, Annapolis, MD), was used to record four hours of unichannel ECG in participants. The bio-patch was attached to the skin using standard ECG electrodes and ECG was sampled at frequency 250 Hz. A code developed in Matlab (Mathworks, Natick, MA) was employed to automatically identify PVCs, and subsequently checked manually by an expert to ensure accuracy.
For automatic detection of PVC, presence of a compensatory pause after PVC as a significant characteristic of PVC, was captured using RR intervals [9] . Of note, QRS peaks were detected using Pan-Tompkins algorithm and were used for estimation of RR intervals [10] . Number of PVC beats per hour (#PVC/hour) was considered for ECG assessment.
Statistical analysis
The association between PVC occurrence and age was assessed using Pearson's correlation. Correlation range of 0.01-0.19, 0.20-0.39, 0.40-0.59, 0.60-0.79, and 0.80-1.00 were considered as very weak, weak, moderate, strong, and very strong association, respectively [11] .
Analysis of variance (ANOVA) with Least Significant Difference (LSD) post-hoc analysis or chi-square ( ) test were used to evaluate differences in demographics, health parameters, and extracted parameter among frailty groups. Statistical level of significance was set to p= 0.05.
Furthermore, coefficient of variation (CV), defined as ratio of the standard deviation to the mean, was used as a measure of the variability in extracted parameter [12] .
Results and discussion
Forty-four participants (97%) had at least one PVC episode. In previous studies in different aging groups (e.g., young, middle-age, and elderly), 40%-100% of participants had at least one PVC episode [13, 14] . This number increases with age to more than 70% [13] and PVC burden increases 34% for each 5-year increment increase in age [14] .
Number of PVC beats per hour in studied population was 42.65±66.32 and had a weak correlation with age (r=0.28, p=0.076). Number of PVC per hour in this study is similar to previous work that demonstrate that this number was less than 100 [13] . Using Fried's frailty criteria, 22 participants were classified as non-frail (49%), 17 were categorized as prefrail (38%), and 6 were classified as frail (13%). Demographic and clinical characteristics of participants are listed in Table 1 . Between health information, only BMI was significantly different between non-frail and frail groups (p=0.004). Among number/percentage of observed frailty criteria, weakness and exhaustion were more prevalent in frail group compared to pre-frail group (p<0.05).
Number of PVC beats per hour was not significantly different (p>0.05) between non-frail (44.18±67.58), prefrail (47.93±76.76), and frail (22.13±7.84). This results was in agreement with Chao et al.'s observation which demonstrated no significant difference between severity of frailty assessed by self-report frailty instruments between patients with, and without, PVCs [15] .
Interestingly, the average number of PVC beats was, respectively, 52% and 54% less in frail population compared to non-frail and pre-frail. Although, no significant association between prevalence of PVC and frailty level was found in this study, but the average number of PVC beats was 8% higher in pre-frail compared to non-frail. Therefore, higher occurrence of PVCs may be an indicator of pre-frailty.
The higher variation in occurrence of PVCs for non-frail (CV= 1.53) and pre-frail (CV= 1.60) compared to frail (CV= 0.35) may be related to the diversity of participants in these two groups, but possible reason(s) of higher variability needs to be explored in future studies. Non-frail Pre-frail Frail
#PVC/hour
When compared between groups with and without different frailty criteria (i.e., slowness, weakness, low activity, and exhaustion), no significant between-group differences were observed for number of PVC episodes per hour (Table 2 ). Since weight loss was present in only one participant (2%), this criteria was not included in Table 2 . In this study, only female participants were included to reduce the effect of gender as a confounding parameter. Also, the number of frail participants (13%) was small. Therefore, another study with a larger sample size including, both male and female participants, is warranted to evaluate the association of PVC prevalence and frailty status. 
Conclusions
We report the association of ventricular ectopy occurrence (number of PVC beats per hour) and frailty in this article. In a cross-sectional ECG analysis, the average number of PVC beats was higher in the pre-frail group compared to the non-frail group. Therefore, future longitudinal studies are recommended to explore the association between frailty status and different heart arrhythmia over the time.
